Mating systems within the genus Peromyscus have traditionally been inferred from field observations of spatial relationships of males and females and from laboratory behavioral studies. The majority of species within Peromyscus are assumed to be promiscuous, but rarely have these conclusions been verified with molecular data. Genotypes constructed from 4 microsatellite loci were used to determine paternity in 10 litters of the canyon mouse (Peromyscus crinitus). We applied 3 criteria for paternity assignment: direct observation of paternal alleles, correlation of sampled male and offspring genotypes (mothers known) including spatial relationship data, and application of a likelihood estimator. Multiple paternity occurred in a minimum of 20% of the litters, yet we found no evidence that would indicate that any putative father sired 2 or more litters. Dispersal of males between the time of copulation and parturition was minimal (7.5-70 m) in most cases, but 1 male was captured in a rock outcropping separate from that of his sired litter (174 m). Our use of 3 different criteria allowed a greater number of male paternity assignments to be inferred than would have been possible when using software program CERVUS alone, and increased confidence in these results.
Understanding mating systems, especially those characterized by multiple and extrapair paternity, is important because of the fundamental role that multiple paternity plays in the evolution of many life-history strategies (Griffeth et al. 2002) . Multiple paternity not only increases effective population size (relative to single paternity-Sugg and Chesser 1994) and affects genetic variability and evolutionary potential (Valenzuela 2000) , but it also can be an indicator of the intensity of sexual selection and sperm competition (Fitzsimmons 1998; Kelly et al. 1999; Reynolds 1996) . A better understanding of mating behavior and breeding outcome can allow for development of a more unified body of theory that describes the relationship between ecological factors and mating patterns (Conrad et al. 2001) .
Mating systems are a result of the reproductive behaviors of individuals (Gomendio et al. 1998 )-the basic unit upon which natural selection operates within populations (Emlen and Oring 1977) . Price and Evans (1991) described 2 distinct aspects of a species' reproductive strategy: mating system (i.e., who copulates with whom), and breeding system (which we term ''genetic breeding system'' herein to distinguish from the breeding system as defined by Reynolds [1996] ). This refers to who actually contributes genes to the next generation. Thus, the genetic breeding system is only one part of the holistic idea of a mating system (Emlen and Oring 1977) .
Deer mice (genus Peromyscus) are ubiquitous across North America and likely are the most abundant native mammal group on the continent. Because of their accessibility and impressive adaptive radiation (about 53 species-see Musser and Carleton 1993) , deer mice represent a unique evolutionary model and have been referred to as ''the Drosophila of North American mammalogy'' (Dewey and Dawson 2001; Musser and Carleton 1993) . Nevertheless, relatively little is known about social organization and mating systems of Peromyscus in nature because of their nocturnal habits and small size (Dewsbury 1981) . As in many other taxa, mating systems within Peromyscus have been inferred mostly from field studies of spatial relationships of males and females and from laboratory behavioral studies (Wolff 1989) . The application of molecular methods has proven most useful in situations where specific testable hypotheses about the social mating system of the species in question have been developed. Dewsbury (1981) associated several behavioral and physiological correlates with monogamy in rodents. Based on these correlates, he accurately predicted that P. californicus (Ribble 1991) and P. polionotus (Foltz 1981) should be monogamous and that the promiscuous species P. maniculatus (Birdsall and Nash 1973; Ribble and Millar 1996) and P. leucopus (Xia and Millar 1991) were not likely to be monogamous.
The canyon mouse (Peromyscus crinitus) is endemic to western North America and usually is associated with sheer cliffs and slickrock (i.e., smooth, wind-polished rock). Being one of the relatively less-known Peromyscus species, the literature is devoid of conclusive evidence as to the mating or genetic breeding system that characterizes P. crinitus. Dewsbury (1981) underscored this point when he acknowledged that he could only use one-half of the proposed correlates for P. crinitus to infer a system of mating because of a lack of data.
Even so, Dewsbury (1981) predicted that the canyon mouse is not likely to exhibit a monogamous mating system (although he acknowledged that it is risky to make predictions based on only a few correlates).
We used microsatellite DNA markers to determine patterns of paternity in the canyon mouse, thereby testing the hypothesis that P. crinitus is characterized by a mating system in which polygamy occurs, as suggested by Dewsbury (1981) . In addition to analyzing genotypic data from known mothers and putative fathers, we also incorporated linear distances between males and pregnant females as an additional character to facilitate differentiation among similar male genotypes, to investigate movements of males within the first 2-3 weeks after conception, and to better characterize the mating system of P. crinitus. We predicted that because of the patchy nature of the habitat in which P. crinitus is found, successfully breeding males would be located in the same rock outcropping as their breeding partner.
MATERIALS AND METHODS

Study Site and Sampling
All P. crinitus examined, with the exception of 3 pregnant females, were collected between 10 May and 1 June 2002 on Stansbury Island, a peninsula that extends north into the Great Salt Lake, Tooele County, Utah (approximately 60 km west of Salt Lake City, Salt Lake County, Utah), hereafter referred to as ''Stansbury Island'' (Fig. 1) . The study site consists of granite peaks that rise more than 700 m above the elevation of the lake. Specimens were collected from granite outcroppings and slickrock on 2 rocky ridges that were separated by approximately 1 linear kilometer. The upper one-third of the southernmost ridge was composed of continuous rock, but the northern ridge consisted of several rocky ''islands'' surrounded by cheat grass (Bromus tectorum), which comprised the majority of the vegetation. A dry canyon devoid of major rock outcroppings separated the northern from the southern ridges. P. crinitus sample size was augmented by the addition of 3 pregnant females from Uintah and Kane Counties, Utah (280 and 400 km from Stansbury Island, respectively; see Appendix I), to increase the number of litters examined. Specimens DSR4423 and DSR4436 (Uintah County) were collected in May 1995 and DSR5650 (Kane County) was collected in August 1999. These 2 sites are separated by 360 km. Specimens are given initials of collectors (QSR, the 1st author, and DSR, the 3rd author).
Rock outcroppings were sampled by using Sherman live traps (H. B. Sherman Traps, Inc., Tallahassee, Florida) and snap traps (baited with birdseed, moistened oats, or peanut butter) set approximately 5 m apart. All captured P. crinitus were processed as voucher specimens (skin plus skeleton) and archived in the Monte L. Bean Life Science Museum mammal research collection at Brigham Young University. Tissue samples and embryos were stored in the field on dry ice and later in the laboratory at À208C. Special care was taken to prevent contamination of embryos with littermates or maternal tissue (see Shurtliff 2003) . Locality data were recorded by using a Garmin eTrex Legend global positioning system unit (Garmin Ltd., Romsey, United Kingdom) at each capture site. Additionally, distances were measured manually between all capture sites that fell within 40 m of each other. This was necessary because of the error associated with the global positioning system unit, which only afforded maximum accuracy to within ;5 m. Collections were made under appropriate permits from the state of Utah, and methods of animal handling and euthanasia conformed to guidelines of the American Society of Mammalogists for 
Microsatellite Analysis
Total genomic DNA was extracted from kidney, liver, heart, or spleen tissue of adult animals following, generally, the procedure of Fetzner (1999) . Exceptions to this protocol are described in Shurtliff (2003) . Because of limited amounts of embryonic tissue, we isolated genomic DNA from embryos by using a DNeasy Tissue Kit (Qiagen Inc., Valencia, California). By screening 27 microsatellite loci reported by Schmidt (1999) and Chirhart et al. (2000) , we were able to identify 4 loci that were polymorphic in samples of P. crinitus (Table 1) .
Amplifications were performed in an ABI GeneAmp 9700 thermocycler (Applied Biosystems, Foster City, California) and were initially denatured at 948C for 2 min, after which 30 cycles of the following steps were performed: denaturation at 948C for 30 s, annealing at 508C for 45 s, and polymerization at 728C for 45 s. Resulting polymerase chain reaction products were visualized on agarose gels with a GIBCO 100-base-pair DNA ladder (BRL#15628-019, Invitrogen Co., Carlsbad, California) as a standard.
Allele sizes were resolved on a 3100 Genetic Analyzer (Applied Biosystems) at the Brigham Young University DNA Sequencing Center and products of each locus were scored by using GENO-TYPER (Perkin-Elmer Corp., Foster City, California). Maternal and embryonic samples with homozygous alleles were processed again through polymerase chain reaction and genotyped a 2nd time to ensure that all homozygote loci yielded consistent results. Additionally, any locus that produced a weak signal relative to others in the same processing was reamplified and genotyped.
Data Analysis
We used several indicators to measure the ability of our markers to distinguish between individual genotypes. The paternal exclusion probability (Jamieson 1965; Selvin 1980) , which is the probability of excluding a male that is not the true father, was calculated across 4 loci given that 1 parent was known. The mean probability of identity values across all loci was calculated as in Paetkau and Strobeck (1994) . A value for probability of identity is the probability that 2 animals chosen at random from the same population would have identical genotypes. These confidence values can be biased if breeding animals within the study population are close genetic relatives (Waits et al. 2001) . Therefore, we also calculated the probability of identity for full siblings (Evett and Weir 1998; Waits et al. 2001) . This statistic gives a conservative lower limit of confidence for multilocus genetic matches if close relatives are present in the sample.
Parentage Analysis
In this study we used 3 approaches to assign paternity in litters of P. crinitus.
Criterion 1: exclusion.-The 1st approach was to identify manually paternal alleles in each litter by using methods in Burton (2002) , after having accounted for maternal alleles. Occasionally, either allele of a locus could have come from the mother in more than 1 offspring, making it impossible to distinguish whether 1 or 2 different paternal alleles were present (for an example see locus Pml03 for the litter of female QRS18; Table 2 ). In such cases we took the conservative path relative to our hypothesis and assumed that such represented only 1 paternal allele. However, we did not exclude any male that had either of the alleles in question. In this way, a hypothetical paternal genotype was constructed for each litter. Because of high mutation rates in microsatellites and the possibility of typing errors, we followed a conservative approach and only designated a litter as multiply sired when we detected 3 or more paternal alleles at 2 or more loci (see Burton 2002; Fitzsimmons 1998; Valenzuela 2000) . All litters of P. crinitus examined in this study were analyzed according to this criterion.
Criterion 2: male genotypes and dispersal distances.-The hypothetical paternal genotype obtained from criterion 1 was correlated with male genotypic and spatial relationship data. All sampled male genotypes were compared manually in a pairwise fashion to each litter from Stansbury Island that had 2 paternal alleles per locus. A male whose genotype matched the hypothetical paternal genotype obtained from criterion 1 was considered the sire of that litter. If no sampled male genotype matched the hypothetical paternal genotype the locus containing the discrepancy was examined to determine if a single mutation could account for nonassignment. Any discrepancy in more than 1 embryo at a single locus was considered evidence that the actual father was not sampled. Such a litter was designated as ''paternity unknown.' ' We also analyzed litters that had 3 paternal alleles at only 1 locus (and were thus considered singly sired under criterion 1). Theoretically, it is possible that a multiply-sired litter could have no more than 2 paternal alleles at each locus. Hence, we did not automatically exclude a male from being the father of the entire litter in this situation (i.e., with 3 paternal alleles at 1 locus) because a single allele mismatch could have resulted from a typing error, mutation, or null allele (Marshall et al. 1998) . If 1 male genotype matched all alleles across all loci within a litter, but failed to match a 3rd allele at a single locus, that mouse was assumed to be the father of the litter and the discrepant 3rd allele was assumed to be due to a mutation or typing error. However, when 2 or more males were required to account for paternal alleles at any locus other than the 3-paternal-allele locus, we concluded that either we did not sample the putative father, or more likely, the litter was multiply sired. After putative fathers were assigned paternity, we calculated linear distances between trap localities of potential fathers and pregnant females.
Criterion 3: CERVUS.-Our 3rd approach was to incorporate genotypic data into the likelihood-based computer program CERVUS 2.0 (Marshall et al. 1998 ), which calculates log-likelihood ratio scores to estimate the most likely father for each offspring (taking into account typing error). A log-likelihood ratio score of 0 implies that a putative male is equally likely to be the father of the offspring as a randomly selected male, whereas a positive log-likelihood ratio score implies that the putative male is more likely to be the father than a randomly selected male. Statistical confidence (delta [Á]) was estimated for critical values at both strict (95%) and relaxed (80%) confidence levels based on computer simulation of paternity inference with allele frequencies from the population under study. Allele frequencies were estimated from 63 individuals but the remaining simulation parameters were estimated only from males (adults and juveniles) and females (n ¼ 51) with embryos large enough to genotype. Thus, paternity analysis is conservative in that it considers juveniles as potential sires. In addition, CERVUS is relatively insensitive to the presence of unknown close relatives of the parents among the candidate males (Marshall et al. 1998 )-an important factor because related males possibly are present in the sample. Simulation parameters were as follows: 100,000 cycles; 100% of loci typed with an error rate of 0.015; and 47 candidate parents, of which 95% were sampled. The error rate was determined by estimating the percentage of offspring-mother mismatches. To estimate the number of candidate males in the population, we used the Leslie estimate (Leslie and Davis 1939), a standard formula developed to predict the initial population size before removal trapping. The total population size was estimated to be 64 animals (we collected 63). Given the sampled sex ratio, we used a conservative estimate of 47 candidate males in the simulation.
RESULTS
Population Characteristics
Approximately 6,200 trap nights yielded 63 P. crinitus (44 males and 19 females). Seven females from Stansbury Island and 3 from the other Utah localities were pregnant and carried embryos sufficiently developed to enable DNA extraction. The sex ratio of the population of P. crinitus was significantly male biased (2.3:1; P , 0.05). On Stansbury Island, pregnant females averaged 4.0 embryos per litter (range ¼ 3-5 embryos), whereas the 3 females from other Utah localities averaged 3.3 embryos per litter (range ¼ 3 or 4 embryos). Twenty-one percent of litters examined on Stansbury Island contained 5 embryos.
Genetic Data
Sixty-six adults and subadults and 38 corresponding embryos were genotyped at 4 highly variable microsatellite loci. Polymorphism among the loci averaged 9 alleles per locus (range ¼ 8-10) and mean expected heterozygosity (H E ) was 0.754 (SD ¼ 0.030; Table 1). Observed heterozygosity (H O ) was consistently lower at all loci ( " X ¼ 0.674; SD ¼ 0.057), although not significantly so. The paternal exclusion probability (Jamieson 1965; Selvin 1980 ) across 4 loci when 1 parent was known was 0.960. The mean probability of identity (Paetkau and Strobeck 1994) across all loci was ,0.001. We obtained a probability of identity for full siblings of 0.024, which is lower than values obtained and cutoff lines used in other similar studies (see Lucchini et al. 2002; Pearse et al. 2001a; Woods et al. 1999 ). In our data set, 2 males (QRS16 and QRS57) had identical genotypes across 4 loci. Thus, 0.032 of sampled individuals had matching genotypes, a result that is not significantly different from the expected value of 0.024 (P ¼ 0.61). Thus, we feel confident that the probability of identity for full siblings estimated above is accurate in our sample and that a male genotype that fails to match a hypothetical paternal genotype reconstructed from a litter is not the actual sire.
Among the Stansbury Island samples, 2 embryos (B and C of litter 6 from female QRS55; see Table 2 ) at locus Pml08 did not amplify a maternal allele. We attribute the discrepancy to a null allele inherited through the mother (female QRS55), which is scored as homozygous at this locus. Amplification at locus Pml09 did not produce consistent results in litter 8 and consequently we excluded those data from our analysis. How- ever, this did not affect our conclusion with regard to the paternity of this litter. Loci at which no alleles amplified include locus PLGT62 (females 4436 and 5650) and locus Pml09 (female 5650 and embryo A from litter 10). We suspect that the DNA from female 5650 and embryos was degraded because gel verification after extraction always resulted in very weak bands relative to other samples. DNA corresponding to problematic loci were reextracted, reprocessed, or both, at least twice and was only included in the analysis when consistent results were obtained.
Assignment of Paternity
Criterion 1.-One of 10 litters showed evidence of multiple paternity according to criterion 1 (Table 3 ). In litters 4 and 7, 3 paternal alleles amplified at a single locus with only 2 at all remaining loci (see results under ''Criterion 2'' for evidence of a null allele for QRS44). Therefore, under the parameters previously set forth, we conclude that these litters also were singly sired. Litter 8 from Uintah County amplified 3 paternal alleles at 2 loci (Table 2) . Hence, we conclude that this litter was multiply sired.
Criterion 2.-Genotypes of males QRS20, QRS33, QRS49, and QRS53 each match the hypothetical paternal genotypes in a sampled litter (Table 2) . In each case, the assigned male was the only male sampled whose genotype matched all paternal alleles in all corresponding embryos. The genotype of male QRS39 explains most parsimoniously all paternal alleles in litter 2, with the exception of embryo B at locus Pml08. This locus has a paternal allele (204 or 232) not found in QRS39. Four possible scenarios could explain this discrepancy: 1) the paternal allele is present but failed to amplify in QRS39 (the individual is scored as homozygous at this locus); 2) a mutation occurred at locus Pml08 in embryo B (litter 2); 3) an unsampled male in the population had the same genotype as QRS39 with the exception of being heterozygous at Pml08; or 4) QRS39 is the father of 4 embryos and another unsampled male with a genotype similar to that of QRS39 is the father of embryo B (litter 2). Given that the paternal exclusion probability was 0.960 and that we had a thorough sampling regime, options 1 or 2 are most likely. Therefore, we assigned paternity of litter 2 to male QRS39. Two lines of evidence suggest that litter 7 was multiply sired. First, the hypothetical paternal genotype contains 3 alleles at locus Pml09. Second, although there are only 2 paternal alleles at locus PLGT62, no sampled male has a matching genotype at that locus (171 and 173). The 1st evidence alone is not sufficient to reject the null hypothesis of single paternity based on criterion 1. However, juxtaposing both lines of evidence strongly supports multiple paternity. Four males (QRS34, QRS35, QRS43, and QRS37) each have genotypes that match the inferred paternal alleles for at least 1 embryo in litter 7. QRS34 matches the paternal genotype of embryos A, B, and C; QRS37 matches that of embryo D; and QRS35 and QRS43 match paternal genotypes of embryos B and C. Thus, the most conservative conclusion is that QRS34 sired embryos A, B, and C and QRS37 sired embryo D.
Spatial Relationships of Putative Fathers
Linear distances among trap locations of mothers and putative fathers are listed in Table 4 . Seven putative sires (specimen numbers QRS20, QRS39, QRS53, QRS49, QRS33, QRS34, and QRS37) were captured between 7.5 and 70 m from their respective breeding partners (QRS18, QRS22, QRS25, QRS54, QRS55, and QRS72). One of 2 males nearest to female QRS18 apparently sired her litter (litter 1), but it is not clear whether it was the closest male (13 m distant) or the male at a slightly greater distance (26 m). In either case, male QRS20 was caught in close proximity to its breeding partner. Male QRS51 was the only sire not captured on the same outcropping as the litter to which it was assigned (litter 4). The linear distance between it and female QRS44 was 174 m, well over twice the distance between any other breeding pair assigned with high confidence.
Although males QRS28 and QRS150 were captured approximately 1.3 km away from female QRS72, the 2 more likely sires (males QRS34 and QRS37) of litter 7, based on genetic data, were trapped at distances of 39 m 6 23.7 m and 55 6 30.5 m away from female QRS72, respectively. Thus, the spatial and genetic data are concordant and, under criterion 2, there is strong evidence that males QRS34 and QRS37 sired litter 7.
Criterion 3.
-Critical values of delta (Á) were 1.32 (strict) and 0.58 (relaxed). This means that any putative fathers with values of delta greater than these thresholds have a corresponding probability (P ¼ 0.95 for strict; P ¼ 0.80 for relaxed) of being the actual father of the offspring to which they are assigned. One male (QRS33) was supported at the 95% confidence level as the exclusive sire of all embryos in litter 6 (Table 2 ). All remaining litters, except litter 1, had at least 1 male assigned to them at least above the 80% confidence level. However, none of those had a single male assigned to every embryo within a litter. The power of CERVUS to assign paternity to individual embryos was moderate to low within most litters at high (11 of 28) and relaxed (14 of 28) confidence levels. Within litter 7, male QRS34 was assigned to embryo A with more than 80% confidence, and QRS37 was assigned to embryo D (litter 7) with 95% confidence. Thus, at a relaxed confidence level, at least 1 (14%) of the 7 litters on Stansbury Island was multiply sired. 
Combined Evidence
No assertion of paternity is inferred from a single criterion that is contradicted by results from another criterion except in 1 case within litter 7 (Table 4) . Because this litter had 3 paternal alleles at only 1 locus, it was considered singly sired under criterion 1, but multiply sired under criteria 2 and 3. Not only do criteria 2 and 3 agree that litter 7 was multiply sired by QRS34 and QRS37, but these criteria also are consistent in the assignment of QRS34 to embryo A (litter 7) and QRS37 to embryo D (litter 7; Table 4 ). The strong correlation between results from criteria 2 and 3 coupled with the lack of resolution inherent under our conservative application of criterion 1 lead us to conclude that litter 7 was multiply sired. Therefore, we conclude, based on evidence from combined analyses, that a minimum of 2 litters (20%) from 2 Utah populations were multiply sired.
DISCUSSION
This study provides evidence that multiple paternity occurred in at least 2 populations of P. crinitus in Utah during 2 breeding seasons. By using 3 methods for determining paternity, we were able to assign parentage to 8 males and we have demonstrated multiple paternity in 1 of the litters from Stansbury Island (as well as 1 from Uintah County). However, no evidence was found that any male bred with more than 1 female during a single breeding season (albeit our sample size was small). We estimate that the minimum frequency of multiple paternity was 20% among the total sampled litters in Utah. This is consistent with results for other Peromyscus species in which multiple paternity has been detected (10-40% in P. maniculatus [Birdsall and Nash 1973; Ribble and Millar 1996] , and at least 25% in P. leucopus [Xia and Millar 1991] ) and supports the prediction of Dewsbury (1981) and our original hypothesis that multiple paternity occurs in P. crinitus. Additionally, examination of spatial data among breeding partners indicates that males generally remain in close proximity to an impregnated female during the gestational period.
Variation among different mating behaviors, both social and genetic, within species and populations has been well documented (e.g., Crim et al. 2002; Gibbs et al. 1994; Kelly et al. 1999; Xia and Millar 1991) . Reynolds (1996) concluded that with the blurring of distinctions among breeding systems caused by a deluge of new data, it may be better to simply describe variation among individuals rather than trying to characterize species within the narrowness of a defined mating system. The fact that we found no evidence that a male sired offspring in more than a single litter should be taken as a description of individual reproductive results (or lack of data) and not a generalization of the entire population. Ideally, reproductive success should be examined for the lifetime of organisms within a population in order to detect variation in behavior and success at different stages of an individual's lifetime (Clutton-Brock 1988) . One must always interpret with caution any paternity study from a single year because reproductive success may fluctuate significantly between years (Millar et al. 1994; Pearse et al. 2001b ). Had our study been extended over a longer period of time, across several populations, and included more samples, we would have developed a more complete picture of the mating system of P. crinitus. However, because we demonstrated multiple paternity in 2 separate populations of P. crinitus that were collected in different years, it is highly likely that multiple paternity generally occurs in this species. This is an important finding because it contributes to our limited knowledge of the behavior and ecology of P. crinitus and to the growing body of literature documenting mating systems within Peromyscus. (8) A, B, C Multiple DSR4436 (9) A, B, C, D Single DSR5650 (10) A, B, C Single
The low level of multiple paternity that we documented on Stansbury Island is not surprising given the low productivity of the habitat. A dispersed social organization would be expected in a species that inhabits unproductive, arid habitat, and we would expect that encounters between males and receptive females would be significantly lower in such a habitat than in high-density populations. A detailed study of home-range size and population density would add important insights to the results of this study.
Several key differences in methods between criteria 2 and 3 were used to analyze the data. Paternity assignment under criterion 2 was accomplished by manually examining and comparing male genotypes to inferred paternal genotypes without regard to population allelic frequencies. For example, if 1 male could account for paternal alleles in embryos A-D and a 2nd male could account for paternal alleles in embryo D, then paternity was assigned to the 1st male for all 4 embryos. Thus, criterion 2 is a holistic approach that considers all embryonic genotypes within a litter simultaneously rather than solely on an individual basis. Consequently, results are inherently conservative. Under maximum likelihood, CERVUS takes into account allele frequencies and, when assigning paternity, weighs more heavily those alleles that are rare in the population. Each embryo is analyzed independently with no regard for male assignment to other embryos within the same litter. CERVUS also takes into account typing error, estimated null allele frequency, and proportion of candidate males sampled. Criterion 2 is not designed to consider any of these estimates, but rather analyzes the genotypes at face value. The benefit of including criterion 2 is that it not only allows for increased confidence in paternity assignment through an additional verification of CERVUS, but it also gives a conservative or lower limit of multiple paternity frequency within the population.
Genotypic data of males coupled with spatial data (criterion 2) allowed a greater number of paternity assignments to be made and with greater confidence than would have been possible if only CERVUS results had been analyzed. Johnson (1976) estimated home-range size for male P. crinitus in southern Utah at 0.371 ha (3,710 m 2 ; no significant difference was found between home-range sizes of 7 males and 6 females). Home ranges are by no means restricted to square dimensions, but for the sake of reference, a square of 3,710 m 2 has dimensions of about 60 Â 60 m. Therefore, it is unlikely that males that were captured several hundred meters away from a pregnant female and have a matching genotype for some but not all embryos are in fact the actual fathers. This assertion is supported by the fact that all but 1 male (n ¼ 7) that were assigned with high probability by CERVUS to a litter were found within the same rock outcropping and within 70 m from the mother. (Recall that male QRS51 was captured in an adjacent outcropping 174 m away from litter 4). It is interesting to note that no male was assigned sireship of a litter on the opposite ridge at a distance of .1 km. Thus, our tri-criterion not only allowed us to document behavior of males shortly after copulation, but also allowed for greater confidence in paternity assignments. Because CERVUS is sensitive to a decrease in the proportion of candidate males sampled (Marshall et al. 1998) , combining these methods could prove to be more beneficial than an analysis using CERVUS only, especially for species whose life history would make it difficult to collect a large portion of candidate males.
